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Claims for a connection between the variable sun and the earth's 
weather can be found In a literature of well over one thousand published 
papers during the past century. The subject has been discussed by such 
Illustrious autliors as Herschel, Gauss, Sabl-ie, Faraday, Wolf, Stewart, 
Schuster and Airy, Nevertheless, the subject has tended to remain on the 
fringes of respectable science. 

Observations of the changing sun are not now employed In routine 
weather forecasting. Many scientists are reluctant to admit the possi- 
bility of such an Influence. Perhaps the main stumbling block Involves 
energy considerations. The variation of the amount of energy received at 
earth In connnectlon with the variable sun Is rather small compared to the 
energy In the general circulation of the earth's atmosphere. By the vari- 
able sun I mean any changes on a time scale of a few days In the sun as 
viewed from the earth. Lacking a knowledge of the physical mechanlsm(s) 
that may be Involved, I cannot be more specific. 

Such concern with energy Is undoubtedly valid, but may not be con- 
clusive, It may be Instructive to consider the situation at the turn of 
the century. It had been noted that geomagnetic activity often Increased 
after a large solar flare. Furthermore, days with enhanced geomagnetic 
activity sometimes recurred at Intervals of 27 days, the solar rotation 
period. This led to suggestions that geomagnetic activity was caused by 
the sun. 

In his famous Presidential Address In 1892 to the Royal Society, 
Lord Kelvin (1) made a stiff dismissal of srch claims. He calculated the 
energy associated with eight hours of a not very severe geomagnetic dis- 
turbance, and concluded that In order to supply this energy to the geo- 
magnetic field "as much work must have been done by the Sun In sending 
magnetic waves out In all directions through space as he actually does 
In four months of his regular heat and light". Lord Kelvin's calcula- 
tions were quite correct within the frame work of his knowledge. He did 
not know about the solar wind, which extends the solar magnetic field 
away from the sun In all directions and completely changes the energetic 
considerations. We may wonder If an unknown process comparable In Im- 
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portance to the solar wind may be part of a causal chain between the vari- 
able sun and the earth's weather. 

It seems possible that sun-weather Investigations are finally be- 
ginning to move to a position of scientific respectability. The most firm 
conclusion that I would draw is not related to any specific claim, but rath- 
er that this subject has reached a state in which It merits the considera- 
tion of serious scientists. Such consideration is Indeed increasing as wit- 
nessed by several symposia on the subject, the most recent of which was held 
at the 1975 XVI General Assembly of the International Union of Geodesy and 
Geophysics in Grenoble. It Is encouraging that such symposia have been at- 
tended by solar physicists and meteorologists, thus beginning to bridge 
the Interdisciplinary gap. 

Recent reviews on the subject are available (2). 

Some Recent Work 

I will now describe some recent work involving the cooperative ef- 
forts of several scientists at several Institutions. For a decade or more 
Walter Orr Roberts at the National Center for Atmospheric Research and the 
University of Colorado in Boulder has been a leading American worker on 
this subject. Some recent work by Roberts (3) in collaboration with Roger 
Olson begins with a study of days on which geomagnetic activity has had a 
sizeable increase. The increase is assumed to have a solar cause. Roberts 
and Olson studied the history of low pressure troughs (cyclones) from the 
Gulf of Alaska as they moved across the continental United States. Troughs 
associated with geomagnetic activity were found to be significantly larger 
on the average than troughs associated with intervals of quiet geomagnetic 
conditions. 

A measure devised by Roberts and Olson of the size of low-pressure 
troughs has been used In several subsequent investigations. A low-pressure 
trough is a large rotary wind system having a diameter of a few thousand 
kilometers that is usually associated with clouds, rain or snow. Although 
the for.iiatlon and structure of low-pressure troughs has been studied in 
some detail. It is not possible in general to predict the time and place 
at which a trough will form. This is one reason why the skill in short- 
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range weather prediction falls to zero (l.e, no better than a prediction 
of average properties) within two or three days (4). 

The vorticlty area index devised by Roberts and Olson to measure 
the size of low-pressure troughs can be computed from maps of the height 
of constant pressure (300mb) surfaces using the geostrophlc wind approximation. 
These maps are prepared twice a day, at 0 UT and at 12 UT by the National 
Weather Service. The circulation of the air mass in a trough is defined 
as the line iatagnl of the velocity of the air around a closed path. 

Vorticlty is defined as the circulation per unit area. 

In our US'? of the vorticlty area index it is computed for the portion 

of the northern hemisphere north of 20°N. The index is now defined as the 

sum of all areas in which the vorticlty exceeds a certain threshold, which 

was chosen so that all well-formed troughs would be Included, Once the 

-5 -i 

threshold level (20 x 10 s in our work) has been chosen the computation 
of the vorticlty area index is completely objective. 

The results of the investigations to be described in this article 
will be presented in terms of graphs in which the meteorological input to 
the investigation is plotted on the ordinate and the solar input is plotted 
on the abscissa. The meteorological input is the vorticlty area index just 
described. Now we must consider what the solar input will be. 

Roberts and Olson (3) assumed that the increases in geomagnetic 
activity used in their analysis were caused by the changing sun. This 
assumption has been challenged by Hines (5) who suggests that some geo- 
magnetic activity may be caused by current systems induced by motions of 
the lower atmosphere. To the extent that this assumption is correct, the 
assumed chain "sun -• geomagnetic Increase — weather change" would be re- 
placed by a closed circle "weather change -• geomagnetic activity - weather 
change'.' In my opinion such an influence on the investigations of Roberts 
and Olson (3) can probably be neglected. Nevertheless, it is clearly an 
advantage in this situation if a structure that is clearly of solar origin 
can be used for the "solar" input in the investigation. 

For this purpose we consider the solar sector structure, which is a 
fundamental large-scale property of the sun. A description (6) of several 
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solar, Interplanetary and terrestrial properties of this structure Is 
available. The structure Is readily p«»rcelved In observations by space- 
craft magnetometers cf the interplanetary magnetic field that is swept 
past the earth by the solar wind. For several consecutive days this in- 
terplanetary field will be observed to have a polarity directed away from 
the sun. The next several days v/lll be observed to have interplanetary 
field polarity directed toward the sun. These ,wo sectors are separated 
by a thin boundary that typically is swept past the earth during an Inter- 
’•a measured in tens of minutes. 

In the investigations to be described the time at which a sector 
boundary \s observed to sweep past the earth v'ill be used as a zero 
phase reference. This sharply defined time is very convenient for the 
analysis, but it must be emphasized that the sector boundary itself is 
probably not an Important Influence on the weather. Furthermore, the 
large-scale sector pattern of the Interplanetary magnetic field (and 
associated structures in the solar wind) is not necessarily a physical 
influence on the weather. The solar influence (if such there be) de- 
scribed in this article could be related to variations in the sola: ul- 
traviolet emission, in the solar "constant", in some manlfestat lor. of 
the changing solar magnetic field such as energetic particle emission, 
in an Influence of the extended solar magnetic field on galactic cosmic 
ray incident at earth, or in some other unknown factor. In any event, 
the extended solar sector structure as observed with spacecraft in the 
Interplanetary magnetic field near the earth is clearly a solar structure 
that is not Influenced by terrestrial weather. We now consider further 
the possibility that some aspect of the solar structure may influence 
the weather. 

Extension of Earlier Investigations 

Our group at Stanford (Svalgaard, Scherrer and myself) joined forces 
with Roberts and Olson to extend their original im’estigat ions. Tlie first 
results (7) of this collaboration are shown in Figure 1. This shows the 
average change in the vorticity area index as the sector structure is 
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swept past the earth by the solar wind. Day zero represents the time at 
which a sector boundary passed the earth. We see in Figure 1 that on the 
average the vortlclty area index reaches a minimum approximately one day 
after the boundary passage. The amplitude of the effect from minimum to 
the adjacent maxima is about 10%. When we consider that veather usually 
consists of relatively small changes about climate (l.e. the average 
properties), this represents a sizeable and important change. 1 repeat 
the warning that the sector boundary passage, although very convenient 
as a precise timing mark, almost surely does not have an important physical 
influence on the weather. The large-scale sector structure in the inter- 
planetary magnetic field also may not have a direct causal influence on 
the weather, but may merely delineate some solar structure that does. 

The result shown in Figure 1 is prominent only during the winter 
months (8). This may be related to the fact that this is the season in 
which the equator-to-pole temperature differences are the largest, pro- 
ducing the largest stresses on earth’s atmospheric circulation. 

In view of the checkered history of sun-weather influences, the 
new claim shown in Figure 1 must be subjected to the most careful scrutiny. 

The first test is to compute the standard error of the mean, which 
is shown by the error bar in Figure 1. This is satlsfyingly small, and on 
formal grounds one might conclude that the minimum near the sector boundary 
in Figure 1 is significant. However, the textbook Instructions for com- 
puting an error bar are always subject to assumptions and boundary con- 
ditions that are never completely fulfilled in any analysis of real obser- 
vations. We therefore proceed on to further tests. Figure 2 is in the 
same format as Figure 1, but in this case the list of times of boundary 
passages has been divided into two parts, and the same analysis has been 
performed on each half separately. The extent to which the analysis of 
parts of the data is similar to the analysis of the entire data set is a 
further test of significance. In Hgure 2 the data has been dlvidc*d into 
two parts in three different ways, as explained in detail in the figure 
caption. We see that the effect persists in all of these division of the 
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data set, 

A further test of significance is to inquire if the effect persists 
in new observations (10), Figure 3a shows our original analysis while 
Figure 3b shows the seme analysis performed with a list of 81 new boundary 
passage times, none of which are included in the analysis of Figure 3a, 

The new boundary passage times used in Figure 3b were obtained by increas- 
ing the Interval examined to 1963-1973, and by supplementing spacecraft 
obr- ■'rvations of the interplanetary magnetic field polarity with inferred 
polnrlties of the interplanetary field obtained from analysis of polar 
geor.\ugnetlc variations (9), In response to the suggestion by Hines (5) 
that some geomagnetic activity could be caused by variations in the 
weather, we performed the analysis shown in Figure 3c using a subset of 
•16 of the 81 boundary passage times used in Figure 3b, The analysis of 
Figure 3c used only boundary passages in which the time was fixed by 
spacecraft observations. It can be seen from Figure 3 that the effect 
clearly persists in the new observations. 

The last test of significance (10) to be described in this article 
is shown in Figures 1 and 5. Figure J shows the same analysis performed 
in the latitude zones 35°N - 55°N, 55°N - 90 °n , and 20°N - 90°N. We see 
that the effect is quite similar in these three zones. The possibility 

might still remain that due to conventional meteorological processes, 

o o 

whenever the vorticity area index has a minimum in the 35 N - 55 N zone 

it also has a similar minimum in the 55°N - 90°N zone. This possibility 

has been investigated in the following way. From a plot of the vorticity 

area index in the zone 35°N - 55°N during the time interval of Interest, 

all those times not near a sector boundary passage at which the index 

had a minimum resembling the average minimum in Figure 3 were tabulated. 

Figure 5 shows the same analysis performed using the resulting list. The 

o o 

result for the zones 35 N - 55 N shows a deep minimum, since each in- 
dividual case was selected to have such a minimum. Uy contrast the re- 

o o 

suit for the zone 55 N - 90 N is essentially a null result. No trace of 
a corresponding minimum is to be seen. It thus appears that at times 
that are not near sector boundary passages minima in the two latitude 
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zones occur Independently, wh#r**s some solar influence causes botii zones 
to show similar minima one day after the passage of a sector boundary. 

If we accept tha reality of this result, we can turn the argument around 
and say that the unknown solar Influence causes similar results in the two 
latitude zones. 

The most important vest of the significance of the results claimed 
in Figure 1 has been made by Hines and Halevy (11) at the University of 
Toronco who say "Reports of short-term Sun-weather correlations have been 
greeted with skepticism by many". They subjected the data used in pre- 
paring Figure 1 to a variety of statistical tests and requested the anal- 
ysis of new data shown In Figure 3. They conclude that "We find our- 
selves obliged to accept the validity of the claim by Wilcox et al., and 
to seek a physical explanation'.' 

WThat do-'s one conclude from all of the above? The results of tJie 
past century suggest that a certain caution would be very appropriate. 

The one statement that I would make with complete conviction Is that 
this appears to be an Interesting subject that should bo vigorously 
pursued . 

Summary 

If there Is Indeed an effect of the variable sun on the weather, 
the physical cause(s) for it remains quite elusive (12). We should keep in 
mind the possibility that there may be several causes and several «*ffects. 
The situation may change through the eleven year sunspot cycle and t)u 
twenty-two year sola^ magnetic cycle, as well as on longer time scales. 

Work Is proceeding at a lively pace at the institutions mentioned 
in this article and at many others around the world. The Soviet liuon 
has long had considerably more workers interested in this field than au> 
other country. A Bilateral Agreement between the I SSR and the I SA lias 
considerably increased the Interactions between workers interested in 
this subject. Including an exchange of extended visits between the two 
countries . 
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A detailed knowledge of solar causes for geomagnetic activity Is 
only now beginning to emerge after many years of efforts by able scientists. 
This suggests that a possible successful solution to the sun-weather pro- 
blem will require a similar magnitude of effort. We look forward with In- 
terest and optimism to the results of the next few years. 
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Figure captions 

Figure 1 Average response of the vorticlty area index (the are of 

all the low pressure troughs in the northern hemisphere) 
about times when solar magnetic sector boundaries were 
carried past the earth by the solar wind. Sector boundaries 
were carried past the earth by the solar wind on day 0. The 
analysis includes 53 boundaries during the winter months 
November to March in the years 1964 to 1970. The standard 
error of the mean (error bar) was calculated after sub- 
tracting a 27-day mean centered on each sector boundary, 
to remove long-term trends. The deviations corresponding 
to the Individual boundaries are consistent with a normal 
distribution about the mean. 

Figure 2 Same format as Figure 1; the list of boundaries used in 

Figure 1 was divided into two parts according to (a) the 
magnetic polarity change at the boundary, (b) the first 
or last half of the winter, and (c) the yearly intervals 
1964 to 1966 and 1967 to 1970. (a) The dotted curve re- 
presents 24 boundaries in which the interplanetary mag- 
netic field polarity changed from toward the sun to away, 
and the dashed curve 29 boundaries in which the polarity 
changed Irom away to toward, (b) The dotted curve re- 
presents 31 boundaries in the interval 1 November to 15 
January, and the dashed curve 22 boundaries in the inter- 
val 16 January to 31 March. (c) The dotted curve repre- 
sents 26 boundaries in the Interval 1964 to 1966, and the 
dashed curve 27 boundaries in the Interval 1967 to 1970. 

The curves have been arbitrarily displaced in the vertical 

direction, but the scale of the ordinate is the same as in 

5 2 

Figure 1, that is, each interval is 5 x 10 km . 
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Same format as Figure 1. Figure 3a uses 50 of the 
boundaries used In the original work, Figure 3b uses 81 
new boundary passages not Included In the original analysis 
and Figure 3c is a subset of Figure 3b In which the times 
of 46 boundary passages were determ ’od from spacecraft 
observations . 

Similar to Figure 3, except that the results are shown 

separately for the latitude zone 35°N - 55^N, 55°N - 90°N, 

o 

and for the entire northern hemisphere north of 20 N. The 
form of the minimum at one day after the boundary passage 
is rather similar in all of these latitude zones. 

The same as Figure 4, except that the key days are 30 

o o 

minima In the latitude zone 35 N -55 N that are not 

near sector boundaries (see text). The solid curve 

o o 

shows the results for the zone 35 N - 55 N, and the 

o o 

dashed curve shows the results for the zone 55 N - 90 N. 

The deep minimum in the lower zone does not appear in 
the upper zone. 
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Figure 1 
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DAYS FROM SECTOR BOUNDARY 


Figure 3 
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30 KEYTIMES DURING 1963-1973 (WINTER) 



Figure 5 



